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In this issue of Thorax (see page 854), Thirumaran and colleagues describe their experience with a consecutive group of patients evaluated for haemoptysis who had a normal chest radiograph. 1 Over a 4-year period these investigators identified 270 patients who were evaluated for this problem. They made two important observations. First, they found that 26 of the 270 patients (9.6%) had respiratory tract malignancies as the cause of the haemoptysis. Of these 26 respiratory tract malignancies, 20 were non-small cell lung cancer (NSCLC) and 2 were small cell lung cancer. Secondly, they performed both fibreoptic bronchoscopy (FOB) and chest CT on the majority of the 270 patients evaluated. Overall, at least 269 FOBs and 257 CTs were performed to diagnose these 22 lung cancers. These observations lead to a series of fundamentally important questions for doctors to consider.
Why should haemoptysis with a normal chest radiograph be a concern? Haemoptysis can be massive and lifethreatening, by causing either airway compromise or haemodynamic insufficiency. Fortunately, haemoptysis is rarely massive. I work in a busy Intensive Care Unit (ICU; 19 beds and .1500 admissions per year) in a large urban hospital (907 beds and about 47 000 admissions per year) and we see probably only 1-2 cases of massive, life-threatening haemoptysis per year. In the study by Thirumaran et al, of the 275 episodes of haemoptysis, none was massive; the majority were described as simply streaks of bleeding. Although doctors should be aware of the risk of massive haemoptysis, most cases of haemoptysis represent minor bleeding which stops spontaneously. The real concern about haemoptysis with a normal chest radiograph is understanding the cause. As Thirumaran and colleagues point out, haemoptysis should be considered a possible signal of an underlying serious illness, particularly lung cancer. Doctors should not be lulled into believing that lung cancer has been firmly excluded by the finding of a normal chest radiograph. Quekel and colleagues found that in 49 of 259 patients (19%) with NSCLC presenting as a nodular lesion on chest radiograph the cancer had been ''missed''-that is present but not identified by the radiologist-on previous chest radiographs. 2 Shah et al also documented cases of NSCLC ''missed'' during an initial chest radiograph. 3 ''Missed'' cases of NSCLC on chest radiograph were usually small tumours in the upper lobes with often superimposed structures, although endobronchial cancers can also be ''missed'' on a chest radiograph. The 22 lung cancers documented in this study by Thirumaran et al were ''missed'' by chest radiography. The consequence of an NSCLC ''missed'' on chest radiograph is a delay in diagnosis with possibly failure to provide a surgical cure. 2 3 How should general practitioners (GPs) consider haemoptysis as a presenting symptom? Haemoptysis, even with a normal chest radiograph, should be considered a signal of lung cancer. This is an important message because it has been estimated that a GP in the UK might see a new lung cancer case only once in every 8 months. 4 Respiratory symptoms are common presenting complaints to GPs, but respiratory symptoms are usually due to benign causes. Consequently, GPs probably do not consider lung cancer often in their daily practice. However, of all the respiratory symptoms seen in general practice, haemoptysis seems to be most clearly linked to lung cancer. 4 One weakness in the study by Thirumaran et al is that it is unclear how many patients in their catchment area actually presented to their GP with haemoptysis. I suspect that the number of patients presenting with haemoptysis to GPs (with either an unremarkable chest radiograph or with no chest radiograph obtained) in the West Yorkshire region during the years of this study was probably (substantially) higher than the number actually referred for evaluation at the Dewsbury and District Hospital. Education about the concerns related to haemoptysis at the local level is clearly needed.
How accurately does haemoptysis with a normal chest radiograph predict an occult lung cancer? In this series, there were 22 cases of lung cancer in 270 patients, reflecting a prevalence of lung cancer of 8.2% for this clinical scenario. 1 Others have reported that the prevalence of lung cancer for this clinical scenario might be 5-6%. 5 It is interesting to consider the reported prevalence of lung cancer in patients presenting with haemoptysis and a normal chest radiograph in the context of the ongoing controversy over screening for lung cancer. In studies published since 2004 using low dose CT (LDCT) for lung cancer screening, performed in asymptomatic populations older than age 40 usually with some smoking history, the baseline prevalence of lung cancer varied from 1.3% to 2.8%. [6] [7] [8] [9] [10] [11] [12] [13] Clinicians accept the value of searching for a lung cancer in a patient presenting with haemoptysis and a normal chest radiograph, but not in an asymptomatic patient older than 40 with a smoking history.
14 This observation suggests that perhaps the benefit of screening for lung cancer could be demonstrated in a subset of asymptomatic patients with a somewhat higher prevalence of lung cancer. The implications of this insight are important from a public health perspective. In the USA, the number of lung cancers continues to increase, most lung cancers present in an advanced stage, and the projected 5-year survival for lung cancer remains disappointingly low.
14 Identifying lung cancer early enough with a safe screening test to allow curative surgical resection would seem to be an attractive strategy for addressing the lung cancer problem. The approach over the last decade to earlier identification of lung cancer has relied on using more sophisticated chest imaging techniques, for example LDCT versus chest radiography. Improved imaging alone, though, might not be the solution. Ongoing studies using LDCT to screen for lung cancer have also attempted to identify higher risk patients using smoking history. 15 Other approaches to risk assessment besides age and smoking history are also being explored, such as analyses of exhaled breath volatiles. 16 Improved imaging applied to patients with a known higher prevalence of disease is a promising approach to solving the lung cancer screening dilemma.
How should a doctor evaluate a patient presenting with haemoptysis and a normal chest radiograph? Thirumaran and colleagues performed both FOB and chest CT in .90% of the patients who presented with haemoptysis and a normal chest radiograph. This approach seems clinically reasonable, because chest radiography ''misses'' small lung cancers and endobronchial lung cancers. However, the combined use of FOB and CT resulted in hundreds of procedures being performed, suggesting that a more efficient process for identifying lung cancers is needed. There are a variety of ways, such as cost-effectiveness analyses, to look at the efficiency of diagnostic strategies. One intriguing approach to compare the efficiency of diagnostic strategies is to calculate the number of tests needed to establish a diagnosis (NTND). This approach appeals to clinicians because it reflects how they solve problems on a daily basis. In a hypothetical analysis of a cohort of patients presenting with haemoptysis and a normal chest radiograph the NTND was calculated for various diagnostic approaches. 5 Strategies employing either FOB or CT first, followed by the other test if non-diagnostic results were obtained, resulted in a substantial NTND, just as Thirumaran and colleagues reported. 1 However, a novel approach incorporating the use of sputum cytology as an initial diagnostic test resulted in a substantially lower NTND than either the FOB or CT first approach, while still maintaining a high degree of diagnostic accuracy. Sputum cytology can identify endobronchial lung cancer with a reasonably low false-positive rate. An abnormal sputum cytology would be followed by FOB. An unremarkable sputum cytology could be followed by CT, or by serial chest radiographs.
Haemoptysis with a normal chest radiograph should raise concerns at several levels.
For the individual patient and their doctor, it should raise the suspicion of lung cancer. GPs see many patients with respiratory symptoms, most of which are due to relatively benign causes. Haemoptysis, though, seems to be a more accurate predictor of underlying lung cancer than other respiratory symptoms, such as cough. For the overall healthcare system, a clearer understanding of which patients would benefit from screening for lung cancer is obviously needed. It is curious that the baseline prevalence of lung cancer in LDCT screening trials ranges from 1.3% to 2.8%, yet the value of lung cancer screening in the asymptomatic patient with a smoking history has not been established. Hopefully, the results of the National Lung Screening Trial, a 50 000 patient study evaluating lung cancer mortality in patients undergoing screening with LDCT currently underway in the USA, will clarify this situation. Alternatively, perhaps concentrating on integrating other methods into the screening process, which would identify patients with a higher prevalence of lung cancer, might increase the value of LDCT screening. At present, clinical practice accepts that there are subsets of patients, such as those with haemoptysis and a normal chest radiograph, with an expected higher prevalence of lung cancer who warrant careful evaluation. Clinicians should be aware, though, that there are strategies for searching for lung cancer in these patients which seem to be more efficient than performing CT and FOB on every patient.
Blood glucose: of emerging importance in COPD exacerbations
Elevated blood glucose is a well recognised and common pathophysiological response to acute illness. The underlying mechanisms include acute increases in hepatic glucose production and peripheral insulin resistance, driven by increases in glucocorticoids, catecholamines and proinflammatory cytokines. 1 Acute hyperglycaemia can occur in any acutely unwell patient, irrespective of baseline glucose tolerance, if the illness is sufficiently severe. Acute hyperglycaemia is associated with poor outcomes from a wide range of acute illnesses including myocardial infarction, 2 stroke, 3 trauma 4 and pneumonia. 5 The data in relation to hyperglycaemia and acute exacerbations of chronic obstructive pulmonary disease (COPD) are now beginning to emerge. In a previous study, more than 50% patients with acute exacerbations of COPD had random blood glucose >7 mM during their hospital stay. 6 This retrospective study could not fully elucidate the relative contributions of acute illness, steroid therapy and underlying diabetes to development of hyperglycaemia. Nevertheless blood glucose >7 mM was significantly associated with increased risk of death or prolonged hospital stay, and the absolute risk of this composite adverse outcome increased by 15% for each 1 mM increase in blood glucose.
It is also known that acute hypercapnic respiratory failure is an independent predictor of poor outcome for patients with COPD exacerbations. Non-invasive ventilation (NIV) reduces the likelihood of endotracheal intubation, treatment failure and mortality. 7 Moretti and colleagues found that ''metabolic complications'' of COPD exacerbations, including hyperglycaemia defined as blood glucose .11 mM, were independently associated with ''late failure'' (.48 h) of NIV after initial success. 8 In this study only ,7% patients had blood glucose .11 mM and the relationship between more moderate hyperglycaemia (.6-11 mM) and outcomes was not determined. Interestingly all of the patients with late NIV failure who had admission blood glucose .11 mM subsequently developed pulmonary infection, which may have contributed to NIV failure or death.
The study by Chakrabarti and colleagues in this issue of Thorax (see page 857) investigated the relationship between hyperglycaemia and NIV outcome prospectively in unselected COPD patients with acute hypercapnic respiratory failure. 9 They found that hyperglycaemia, defined as random blood glucose >7 mM within 24 h of hospital admission, was present in 50% patients, consistent with previous findings. 6 NIV failure was significantly more common in patients with (34%) than without (2%) hyperglycaemia, and blood glucose was higher in those in whom NIV failed (mean (SD) 9.0 (3.2) mM) than those in whom NIV was successful (7.0 (2.2) mM). This reinforces the concept that even moderate hyperglycaemia may be associated with poorer prognosis in acute illness.
It is not known whether hyperglycaemia is a direct cause of poor outcomes from COPD exacerbations or acts as a marker for other adverse prognostic factors such as treatment variation, comorbidity or severity of acute illness. In their prospective study, Chakrabarti and colleagues provide some new insights into the underlying mechanisms. They found that the association between hyperglycaemia and NIV failure in COPD exacerbations was not explained either by oral corticosteroid use immediately before admission or by underlying diabetes mellitus. Although animal studies have shown that respiratory acidosis causes glucose intolerance by inducing hepatic and peripheral insulin resistance, 10 in this study hyperglycaemia predicted NIV outcomes independently of pH and was not merely a marker for low pH. The effect of hyperglycaemia was also independent of APACHE II (Acute Physiology and Chronic Health Evaluation II) score, a marker of illness severity.
Limitations of the study by Chakrabarti et al include small sample size and lack of information relevant to underlying glucose intolerance such as body mass index and previous episodes of hyperglycaemia during exacerbations. As they point out, glucose was only recorded once on admission and no attempt was made to quantify hyperglycaemia after admission or relate this to outcomes. The authors also do not describe the causes of NIV failure or death in their patients and so have missed an opportunity to explore a causative role for hyperglycaemia in NIV failure. Potential detrimental effects of hyperglycaemia include augmentation of inflammation and infection, and insulin resistance could increase muscle catabolism.
Experimental hyperglycaemia induced an acute rise in interleukin-6 (IL-6), tumour necrosis factor a (TNFa) and IL-18 that was inhibited by glutathione, indicating induction of proinflammatory cytokines via an oxidative mechanism.
11 C-reactive protein was elevated in people with impaired glucose tolerance compared with those with normal glucose tolerance. 12 13 In two separate studies of COPD exacerbations, acute hyperglycaemia and underlying diabetes were associated with increased isolation of multiple pathogens and Staphylococcus aureus 6 and Gram-negative bacteria 14 from sputum. Hyperglycaemia is associated with elevated glucose concentrations in tissues and bronchial aspirates 15 where it may stimulate infection by enhancing bacterial growth 16 and by promoting bacterial interaction with the airway epithelium. 17 Hyperglycaemia also impairs both innate and adaptive immunity, suppressing the host response to infection. Skeletal muscle abnormalities are common in patients with COPD, and exacerbations requiring hospitalisation are associated with increasing muscle weakness 18 and reduction in lean body mass. 19 As insulin is an anabolic hormone, insulin resistance could exacerbate muscle loss during a COPD exacerbation. In support of this, patients with critical illness who did not receive insulin therapy had lower skeletal muscle total protein concentrations than those receiving pharmacological doses of insulin. 20 The association between hyperglycaemia and poor outcomes raises the important question as to whether correction of hyperglycaemia with insulin could improve outcomes from COPD exacerbations. Initial enthusiasm for tight glycaemic control in critical illness was generated by a single-centre, randomised controlled trial (RCT) of intensive insulin therapy compared with usual treatment in cardiothoracic patients requiring a stay in an Intensive Care Unit (ICU). 21 Tight glycaemic control (blood glucose 4.4-6.1 mM) reduced mortality by 42% compared with conventional glycaemic control (blood glucose 10-11.1 mM). In a second RCT by the same investigators in medical ICU patients, tight glycaemic control did not reduce mortality in the whole group but did reduce in-hospital mortality in those requiring a stay in the ICU for >3 days. 22 However, patients receiving tight glycaemic control had accelerated weaning from mechanical ventilation and accelerated discharge. Subsequently tight glycaemic control was shown significantly to accelerate resolution of infection 21 and inflammation, 23 to prevent nosocomial infection 24 and to reduce catabolism. 25 26 Benefits of tight glycaemic control for critical illness have become less clear with the recent publication of NICE-SUGAR. 27 This large RCT, performed in adults expected to require ICU treatment for >3 days, found that intensive blood glucose control (4.5-6.0 mM) increased mortality (odds ratio 1.14, 95% CI 1.02 to 1.28) compared with conventional glucose control ((10 mM). A meta-analysis of 26 studies including these three large RCTs found no difference in mortality with tight or conventional glycaemic control. 28 Tight glycaemic control was associated with a sixfold increased risk of hypoglycaemia which may have offset beneficial effects of glycaemic control and insulin therapy. The optimal strategy for management of hyperglycaemia in ICU patients is now unclear, and more moderate glycaemic control (blood glucose 8-10 mM) is currently recommended. 29 Despite recent ICU findings, there remains a potential case for testing glycaemic control in patients with COPD with exacerbations requiring hospitalisation. Oral corticosteroids are a key component of exacerbation management in COPD, and subgroup analysis of NICE-SUGAR suggests heterogeneity of response to glycaemic control in those receiving steroids. 29 Infection, inflammation and muscle weakness are prominent components of COPD exacerbations and all are improved by glycaemic control with insulin. Most patients with COPD exacerbations, even those requiring NIV, are less critically unwell than those in ICU studies and may be more resistant to the detrimental effects of hypoglycaemia.
Tight glycaemic control can be implemented in the acute medical unit outside the intensive care setting with similar efficacy and risks of hypoglycaemia as those seen in ICU studies. 30 However, optimal glycaemic control in COPD remains unclear and ICU studies have shown us that intensive strategies should not be adopted without rigorous testing in multicentre clinical trials.
In their paper, Chakrabarti and colleagues wisely steer clear of discussing the sticky issue of glycaemic control during COPD exacerbations. Rather they concentrate on the interesting finding that blood glucose ,7 mM in combination with respiratory rate ,30/min predicted a successful outcome from NIV in 97% of patients with acute hypercapnic respiratory failure. Treatment failure was more likely (but not inevitable) in those with respiratory rate .30/min and hyperglycaemia. If their findings are confirmed in other patient cohorts, this simple prognostic index could support discussions with COPD patients and their families prior to initiation of NIV and allow targeting of more intensive monitoring and treatment for those at greater risk of NIV failure. However, measurement of blood glucose is not currently part of NICE/BTS (National Institute for Health and Clinical Excellence/British Thoracic Society) guidelines for the management of COPD exacerbations, 31 and data about blood glucose were not collected in the 2008 national COPD audit. This paper adds to the growing evidence that hyperglycaemia is important during COPD exacerbations and supports inclusion of blood glucose assessment in future recommendations. However, it does not clarify underlying mechanisms or make the case for tight glycaemic control, both of which require further study.
Identification of those at risk after acute pulmonary embolism
Andrew J Fisher, Paul A Corris
It is well recognised by hands-on clinicians that patients who present acutely with haemodynamic compromise and hypotension with a systolic pressure of ,90 mm Hg due to acute pulmonary embolism (PE) have a poor prognosis. This is reflected in current British Thoracic Society guidelines in the management of acute PE which recommend aggressive interventions in this population, with thrombolysis as first-line treatment. 1 However, stratification of mortality and morbidity risk in normotensive patients who present with acute PE is less clear. Demonstration of right ventricular dysfunction or dilatation on either echocardiography or spiral HRCT scanning of the chest has been used as a potential indicator of those requiring more aggressive treatment even if normotensive. Immediate availability of these modalities is not universal, and a simpler way of identifying those patients at highest risk of adverse events and mortality remains critical as the inpatient mortality rate for normotensive patients with acute PE is approximately 10%. 2 A number of previous studies have attempted to identify biomarkers which have prognostic power in patients with acute PE. Many of these studies have focused on cardiac biomarkers including the troponins and natriuretic peptides which correlate with right ventricular dysfunction on echocardiography. 3 Whether these systemic biomarkers correlate with an increased risk of poor outcome in patients has been the subject of debate and, at present, there is no clear consensus as to the predictive value of cardiac biomarkers as a guide to risk stratification in this population. The recent European Society of Cardiology guidelines on the diagnosis and management of acute pulmonary embolus published in 2008 have gone as far as including raised levels of the B-type natriuretic peptides BNP or NT-proBNP and increased cardiac troponins as markers of increased risk of a poor outcome due to PE-related mortality. 4 In this issue of Thorax, Lega and colleagues 5 from Quebec, Canada and Lyons, France present a very comprehensive and methodologically robust metaanalysis of the prognostic value of natriuretic peptides and troponins in acute PE (see page 869). This is an extremely important piece of work, which brings together results of a large number of studies in this area. In addition to identifying all published studies capable of evaluation, the authors went to great lengths to minimise publication bias by examining all the abstract presentations at major international respiratory meetings over the last 10 years. In this metaanalysis, the methodological quality of the included studies was systematically reviewed to look for any evidence of selection bias, information bias, where the results of cardiac biomarker measurement influenced management and confounding bias and where other diseases such as renal failure or chronic heart failure may have influenced a result. One of the difficulties in comparing the results of the included studies is the range of different assays used to measure the natriuretic peptides. Four different assays were identified and different studies used different thresholds to define positive and negative results. In many, the definition of a positive or negative result was made at the end of the study based on receiver operating curve analysis. Despite these limitations, the results show that raised levels of B-type natriuretic peptides are associated with an increased risk of mortality, serious adverse events and right ventricular dysfunction after PE. This association also importantly appears to hold true for both haemodynamically stable and unstable patients at presentation. It also appears to be robust even in the presence of co-factors such as chronic heart failure and renal failure. The metaanalysis did, however, suggest that BNP measurement appeared to be more accurate than NT-proBNP in correlating with right ventricular dysfunction.
A previous meta-analysis has been published in this area. Work by Becattini and colleagues showed that positive troponins correlated with right ventricular myocardial damage and with poor outcomes after acute PE. 6 The paper by Lega and colleagues adds to the existing literature by the robustness of its analysis and the careful search for studies. Specifically, this meta-analysis also considered the combined benefit of troponin and natriuretic peptide measurement. When a combination of natriuretic peptide and troponin measurement is used to stratify risk, the study shows that, in patients with an increase in natriuretic peptide, additional elevation of troponins is associated with a further increase in PE-related mortality and serious adverse events. Importantly, this held true when haemodynamically stable patients were considered for all-cause mortality with an odds ratio of 6.9 (confidence interval 2.3 to 20.7) and acute PE-related mortality odds ratio 8.4 (confidence interval 2.1 to 33.4).
This study offers very useful insights into risk stratification in normotensive patients presenting with acute PE. Its timing is particularly important as there is growing interest in the outpatient management of individuals presenting with acute PE who are haemodynamically stable. In light of the still high hospital mortality in this group, it is important that every effort is made to identify those at the highest risk who would be unsuitable for outpatient management. The measurement of natriuretic peptides and troponins in this population may not only be able to identify those patients at highest risk but also, conversely, if the natriuretic peptide level is normal, provide reassurance that a lower risk patient is eligible for outpatient management. This is very much the case with supportive evidence from this study showing that ''natriuretic peptides are particularly helpful in identifying low-risk patients''.
There are caveats on the conclusions drawn from this meta-analysis. It is important to recognise that the conclusions give the rationale for a large-scale prospective multicentre randomised trial of cardiac biomarkers to stratify risk in PE.
Possible interventions in such a study could include early thrombolysis in haemodynamically stable patients that have yet to undergo formal assessment for right ventricular dysfunction, inpatient anticoagulation and close observation and outpatient anticoagulation.
The authors should be congratulated on their valuable contribution to this important debate, and it is hoped those involved in research into acute PE will take this information forward in the design of clinical trials to provide some more definitive answers linking risk stratification, intervention and prospective outcomes in this group of patients.
